Attenuation regulation of amino acid biosynthetic operons in proteobacteria: comparative genomics analysis.
Candidate attenuators were identified that regulate operons responsible for biosynthesis of branched amino acids, histidine, threonine, tryptophan, and phenylalanine in gamma- and alpha-proteobacteria, and in some cases in low-GC Gram-positive bacteria, Thermotogales and Bacteroidetes/Chlorobi. This allowed us not only to describe the evolutionary dynamics of regulation by attenuation of transcription, but also to annotate a number of hypothetical genes. In particular, orthologs of ygeA of Escherichia coli were assigned the branched chain amino acid racemase function. Three new families of histidine transporters were predicted, orthologs of yuiF and yvsH of Bacillus subtilis, and lysQ of Lactococcus lactis. In Pasteurellales, the single bifunctional aspartate kinase/homoserine dehydrogenase gene thrA was predicted to be regulated not only by threonine and isoleucine, as in E. coli, but also by methionine. In alpha-proteobacteria, the single acetolactate synthase operon ilvIH was predicted to be regulated by branched amino acids-dependent attenuators. Histidine biosynthetic operons his were predicted to be regulated by histidine-dependent attenuators in Bacillus cereus and Clostridium difficile, and by histidine T-boxes in L. lactis and Streptococcus mutans.